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XVI. Di regions for making the bejl Compojition for the 
Metals of refieBing ZeleJ capes ; together with a Defer ip- 
tion of the Procefs for grinding? polt/hing 9 and giving 
the great Speculum the true -parabolic Curve. By Mr. 
John Mudge; communicated by Alexander Aubert, 
£/<7» v% J\.. 4j. 



BadJfcfa. a^ March fc and j 3 , A S the method of caffing, 

■ grinding, and polifhing the 
fpectila of f efle&ing telefcopes, by MeC molyneux and 
habley, which is published in Dr. smith's Optics, is 
what the workmen have generally followed, and is 
confequently well known to them ; I^fhall in the follow- 
ing account avoid a repetition of the general directions 
there given, and only remark upon fuch parts of that 
procefs which I think are efientially defective, and fup- 
ply them by a method of my own, which, from long 
and repeated trials, I have found completely to anfwer 
the purpofe. After, therefore, referring to the above 
account for the manner of making the gages, patterns, 
the method of calling, 3s well as a great many other par- 
ticulars, I will begin with 

the 
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*fbe bejl compojiiion for the fpecula of refleSltng te/ef copes. 

The perfection of the metal of which the fpeculum 
fhould be made confifts in its hardnefs, whitenefs, and 
compaCtnefs ; for upon thefe properties the reflective 
powers and durability of the fpeculum depend. And 
firft of the hardnefs and whitenefs of the metal. There 
are various compofitions recommended in smith's Optics, 
all which have however their fever al defeats. Three 
parts copper and one part and one-fourth of tin will 
make, he fays, a very hard white metal ; but It is liable 
to be porous. This, however, is an imperfection which 
I fhall prefently fhew the method of preventing ; but the 
permanent fault of it, and which I have myfelf expe- 
rienced, is, that it is not hard enough. The fpeculum of 
a reflecting telefcope ought to have the utmoft poflible 
hardnefs, compatible with its being operated upon by the 

tool. 

It is to be obferved, that ever £0 fmall a quantity of 
tin added to melted copper deftroys its perfect malleabi- 
lity, and at the fame time produces a metal whiter and 
harder than copper. As the quantity of tin is increafed, 
fuppofe to a fifth or fourth part, the metal becomes 
whiter, ftill harder, and confequently more friable. If 
the quantity of tin be further increafed to a third of the 

Vol-LXVIL Qq whofe 
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whole compofition, it will then have its utmoft whitenefs % 
but will be rendered at the fame time fo exceedingly 
hard.and brittle, that the fined wafhed emery upon lead 
or brafs will not cut it without breaking up its furface ; 
and the common blue ftones ufed in grinding the fpe- 
culum, will not touch it. Mr. jackson (fome time fiiice 
dead) a mathematical-inftrument-maker, and a moft ex- 
cellent workman, told me, that the tin was increafed to 
the above proportion in his metals ; but that they were 
fo exceedingly hard, that it coft him an infinite deal of 
pains, and a journey of two hundred miles, to find out a 
ftone of fufficient hardnefs to cut it, and whofe texture 
at the fame time was fine enough not to injure its furface. 
I have feen feveral of his finilhed metals ; they were in- 
deed perfectly hard and white; but the kind of ftone with 
which he ground them he kept a fecret. 

After many experiments with various proportions of 
tin and copper, by gradually increafing the former, I at 
laft found that fourteen ounces and an half of grain-tin 
to two pounds of good Swedifh copper, made a beautiful 
white and very hard metal; fo hard indeed, that the 
ftones would but barely cut it, and wafhed emery on 
brafs or tin but juft grind the furface without breaking 
it up; whereas the proportion of tin being increafed by the 
addition of only another half ounce, the former incon- 
venience 
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venience immediately took place. This therefore -is the 
maximum in point of nardhefs. 

Thus much of the twp firft confiderations^ the Hard- 
nets and wiutenefs of tne metal; the next, and indeed 
the mpft elienti^ property is its conxpa^dtixefs, or its 
being without pores. 

This compofition (though complete in the former 
refpe&s) was t as well as Dr. smith's, fubje<&. every now 
and then to be porous ; fonptetimes, indeed, 1 fucceeded m 
calling a fingle metai, or perhaps two or three* without 
this imperfe&ion; at other tinges, and moft frequently 
indeed, they were attended with this defeit, without my 
being at all able to form a probable conje&ure at the 
caufe of my fuccefs ox disappointment. The pores were €0 
very final! that they were not difcoverable when the metal 
had received a good f&ce ap4 figure upon the hones, nor 
till the laft and higheft polifh had been given ; and then 
it frequently appeared as if dufted over with millions of 
microfcopic pores, which were exceedingly prejudicial 
in two refpe&s; for firft, they became in time a fedg- 
ment for a moifture which tarnifhed the furface ; and 
fecondly, on polifhing the fpeculum, the putty neceffa- 
rily rounded off the edges of the pores, fo as to fpoil a 
great part of the metal, by the lofs of as much light and 

O q 2 iharpn£fs 
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ftiarpnefs in the image as there were defective points of 
reflection in the metaL 

Befides the trouble of a great number of experiments, 
in order to get rid of this mifchief, and to afcertain the 
caufe to which it was owing, there was this additional 
inconvenience attending it, viz. that the fault was not 
difcovered, as was obferved before, till a great deal of 
trouble had been 'taken in grinding and even polifhkig^ 
the metal* the whole of which was rendered ufelefs by 
the mortifying difcovery of this defeat, 

I was extricated at lafl: from this difficulty, and in ibme 

* 

meafure by accident. Having one day made a great num- 
ber of experiments, and having melted down all the good 
copper I had or could procure; though puzzled and fa- 
tigued, yet not caring to give it up, I recolle&ed that I 
had lbme metal which, was referved out of curiofifcyi 
and was a part of one the bells of St, Andrew's which 
had been re-caft. Expecting, however, very little from 
this grofs and uncertain compofition, I was neverthelefe 
determined to fee what could be made of it by enriching 
the compofition with a little frefh tin. Accordingly 
cafting a metal with it, it turned out perfectly free from 
pores, and in every refpedt as fine a metal as ever I faw, 
I could not at fir ft conceive to what this fuccefs i w&s 
owing; but at laft I hit upon the real caufe of that defe<5l* 
5 which 
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which had given me fo much embarraffment and trou- 
ble during a courfe of near a hundred experiments, and 
in confequence thereof fell upon a method which ever 
after prevented it. 

I had hitherto always melted the copper firft, and 
when it was fufficiently fufed, I ufed to add the propor- 
tional quantity of tin ; and as foon as the two were mixed, 
and the fcoria taken off, the metal was poured into the 
moulds. I began to confide* that putty was calcined tin, 
and ftrongly fufpe&ed, that the exceflive heat which the 
copper neceflarily undergoes before fufion, was fufficient 
to reduce part of the tin to this ftate of calcination, which 
therefore might fly off from the compofition in the form 
of putty, at the time the metal was poured into the flafks. 

Upon this idea, after I had furnilhed myfelf with 
feme more Swedifh copper and grain-tin (both which I 
had always before ufed) I melted the copper, and having 
added the tin as ufual to it, caff: the whole into an in- 
got: this was, as I expedted, porous. I then melted it 
again, and as in this mixed ftate it did not acquire half 
the heat which was before neceffary to melt the copper 
alone, fo it was not fufficient to calcine the tin ; the fpe~ 
culum was then perfe&ly clofe, and free from this fault ; 
nor did I ever after, in a fmgle inftance, meet with the 
above mentioned imperfection* 

All 
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AH that is neceffary, therefore, to be do&e to procure 
a metal which fhall be white,, as hard as it can be 
wrought, and perfectly eo$ipa£ti is to ?nelt two pounds 
of Swedilh copper, and when fo melted^ to add fourteen 
ounces and a half of gjain-tin to it; then, having taken 
off the fcoria, to call it into an ingot. This metal mull be 
a feeond time melted to eaft the fpeculum; but as it will 
fufe in this compound flate with a final! heat, and there- 
fore will not calcine the tin into putty, it fhould be poured 
off as foonas it is melted, giving it no more heat than is ab- 
folutely neceffary. It is? to be observed* however, that the 
fame metal, by frequent melting,, lofes fomething of its 
hardnefs and whitenefs: whea this is the cafe, it becomes 
neceffary to enrich the metal by the addition of a little 
tin, perhaps in the proportion of half an ounce to a 
pound. And indeed when the metal is firft made, if in- 
ftead of adding the fourteen ounces and a half of tin to 
the two pounds of melted copper, about one ounce of 
the tin were to be referved and added to it in the fucceed- 
ing melting, before it is caft off into the moulds, the 
compofition would be the more beautiful, and the grain 
of it much finer : this I know by experience to be the 
cafe. 

The beft method for giving the melted metal a good 

furface is this : the moment before it is poured off, throw 

into the crucible a fpoonful of charcoal-duft ; imme- 

2 diately 
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diately after which the metal ttiuft be flarred wkh & 
wooden fpatula, and poured into the iftoulds. 

I wifh I may not be considered a6*edkK*s in the above 
detail ; but as this bufinefs caufed me a great deal of 
trouble, I was willing to give fome account of the means 
by which I was freed from this difficulty ever after; 
Perhaps, indeed, the whole of this procefsmay be tone* 
ceffaty, as many years fince, I communicated this com* 
polition, and I believe at the fame time the method of 
preventing the pores, to the late Mr. peter coll sson, 
a member of the Roy al Society ; and likewife two or thre£ 
years fince, at the defire of my brother, to Mr. michell. 
Although it be poffible, therefore, that this method is 
generally known, yet, as I have frequently of late feen 
fpecula with this defeat, and obferved metals of fome 
of Mr. shortY telefcopes which are not quite fo per- 
fect as could be wifhed (though they are all exqui- 
sitely figured) I was willing by this publication wholly 
to remove any future embarraflhlent of this fort, and 
to furnifh workmen with an excellent composition for 
their metals. And would the Royal Society be pleafed 
to honour the procefs with a place in their records, t 
know of no other method fo proper to give this, as well 
as the following information, a general notoriety. 

The metal being caft, there will be no occafioii for 
the complicated apparatus directed by Dr. smith, for 

grinding 
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grinding and polifhing it. Four tools are all that are 
neceflary, viz. the rough grinder to work oiF the rough 
face of the metal ; a brafs convex grinder, on which the 
metal is to receive its fpherical figure ; a bed of hones 
which is to perfect that figure, and to give the metal a 
fine fmooth face; and a concave tool or bruifer, with 
which both the brafs grinder, and the hones are to be 
formed. A poliiher may be confidered as an addi- 
tional tool; but as. the brafs grinder is ufed for this pur- 
pofe, and its pitchy furf^ce is expeditioufly, and without 
difficulty formed by the bruifer, the apparatus is there- 
fore not enlarged. 

Of rough grinding tbefpeculum. 

The tool by which the rough furface of the metal is 
rendered fmooth and fit for the hones, is beft made of lead, 
ftiffened with about a fifth or fixth part of tin. This tool 
fliould be at leaft a third more in diameter than the metal 
which is to be ground ; and for one of any fize, not lefs 
than an inch thick. It may be cemented upon a block 
of wood, in order to raife it higher from the bench. 

This leaden tool being caft, it muft be fixed in the lathe, 
and turned as true as it is poifible, by the gage, to the 
figure of the intended fpeculum, making a hole or pit in 

the 
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the middle, as a lodgment for the emery, of about an inch 
diameter for a metal of four inches : when this is done, 
deep grooves muft be cut acrofs its furface with a graver, 
in the manner reprefented in fig, 1 ., Thefe grooves 
will ferve to lodge the emery, and by their means the 
tool will cut a great deal fallen There is no occafion 
to fear any alteration in the convexity of this tool by 
working the metal upon it, for the emery will bed itfelf 
in the lead, and fo far arm the furface of it, that it will 
preferve its figure and cut the metal very faft. Any kind 
of low handle, fixed on the back of the metal with foft 
cement, will be fufficient; but it fhould cover two-thirds 
of its back to prevent its bending. This way of working 
will cut the metal f after, and with more truth, than the 
method defcribed by Dr. smith; for fhould the fur- 
face and rough parts be attempted to be ground off by 
a common grind-ftone by hand, though you did it as 
near the- gage as poffible, yet the metal would be fo 
much out of truth when applied to the fucceeding tool, 
that no time would be faved by it. I ufed to employ 
a common labourer for this purpofe, who foon acquired 
fueh a dexterity at working upon this tool, that, in two 
hours time he would give a metal of four inches dia- 
meter fo good a face and figure as even to fit it for the 
hones. When all the fand-holes and irregularities on the 
face of the metal are ground off, and the whole furface 
Vol. LXVIL R r is 
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is fmooth and regularly figured, the fpeculitm is then 
ready for the brafs grinder, andmuft be laid afide for the 
prefent. 

<fbe manner of forming the br&fs-grinding tooL 

The following is the method I have always purfued* 
Procure a round ftout piece of Hamburgh brafs, at 
moft a fixth part larger than the metal to be polifhed ; 
and let it be well hammered into a degree of convexity 
(by the afliflance of the gage) fuitable to the intended 
fpeculum. Having done this, fcrape and clean the con- 
cave fide fo thoroughly that it may be well tinned all 
over; then call upon it, after it has been preffed a proper 
depth into the fand, the former compofition of tin and 
lead, in fuch quantity, that it may (for a fpeculum 
of four inches diameter) be at leafl an inch and an half 
thick, and with a bafe confiderably broader than the top^ 
in order that it may ftand firmly upon the. bench in the 
manner hereafter to be defcribed. This being done, it 
muft be fixed and turned in the lathe with great care, 
and of fuch a convexity as exa6lly to fuit the concave 
gage, which we fuppofe already made. It will be necef- 
fary to be more careful in forming this than the former 
tool, and efpecially that no rings be left from the turning ; 

i nor 
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nor will the fucceeding hone tool require fo much exa<&- 
nefs, as any defeats in turning, will, by a method hereafter 
mentioned, be eafily remedied ; but any inequality or want 
of truth in the brafs tool will oeeafion a great deal of trou- 
ble before it can be ground out by the emery* This tooi 
muft have a hole (fbmewhat lefs than that in the metal 
to be worked upon it) in the middle, quite through to 
the bottom. When this tool is finifhed off in the lathe, 
its diameter fhould be one-eighth wider than themetaL 

How to form the bed of bones^ or the third tooL 

Having chofen the kind of hones, and the beft too, of 
the fort recommended in smith's Optics; they fhould 
be cemented in fmall pieces (in a kind of pavement 
agreeably to his diredtions) upon a thick round piece of 
marble, or metal made of lead and tin like the former 
compofitipn (which is what I have always ufed) in fuch 
% manner, that the lines between the ftones may run 
ftraight from one fide to the other; fo that, placing the 
teeth of a fine faw in each of thefe divifions, they may 
be cleared from one end to the other of the cement 
which rifes between the ftones. This bed of hones 
fhould be at leaft a fourth part larger than the metal 
which is to be ground upon it. The furface of the 

R r 2 metal 
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-metal upon which the hone pavement is to be cemented 
may or may not, as you pleafe, be turned of a convexity 
fuitable to the gage, though I have never taken that 
trouble. As foon as the hones are cemented down, and 
the joints cleared by the faw, this tool muft be fixed in 
the lathe, and turned as exactly true to the gage as pof- 
fible; which done, it muft be laid afide for the prefent. 
The next tool to be made is the bruifer. 



The manner of forming the bruifer, the fourth and 

Iqft tool 

This tool fhoXald be likewife made of thick ftout brafs 
like the former, perfectly found, about a quarter of an 
inch thick, and hammered as near to the gage as poffi- 
ble. It fhould be then fcraped, cleaned, and tinned on 
the convex fide, as the former tool was on the concave, 
and the fame thicknefs of lead and tin caft upon it. The 
general fhape of this fhould differ from the former; for 
as that increafed in diameter at the bottom for the fake 
of Handing firmly, fo this fhould be only as broad at 
bottom as at top, as it is to be ufed occafionally in both 
thofe pofitions. When this tool is fixed in the lathe, and 
turned off concave to the convex gage with great truth 

likewife, 
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likewife, its diameter ought to be the middle fize be- 
tween the hones and the polifher. 

Having with the lathe roughly formed the convex 
brafs grinder, the bed of hones, and the concave bruifers, 
the convex and concave brafs tools and the metal muft 
be wrought alternately and reciprocally upon each other 
with fine emery and water, fo as to keep them as nearly 
to the fame figure as poffible, in otder to which fome 
warned emery muft be procured. This is beft done by 
putting it into a phial, which muft: be half filled with 
water and well fhaken up, fo that, as it fubfides, the coarfeft 
may fall to the bottom firft, and the finelt remain at the 
top : and whenever frefh emery is laid on the tools, the 
beft method (which we fhould alfo obferve with the 
putty in poMiing) will be, to ftiake gently the bottle, 
and pour out a fiuall quantity of the turbid mixture- 



Of grinding the fpeculum, the brafs too/, and the bruifer, f 

together. 

AH the tools being ready, upon a firm poft in the 
middle of a room, you are to begin to grind the brafs con- 
vex tool with the bruifer upon it, working the latter crofs- 
ways, with ftrokes fometimes acrofs its diameter, at others 
a.little to the right and left, and always fo fliort that the 

bruifers 
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bruifers may not pafs above half an inch within the fur- 
face of the brafs tool either way, fhifting the bruifer 
xound its axis every half dozen ftrokes or thereabout. 
You muft likewife, every now and then, fhift your own 
pofition r by walking round, and working at different fides 
of the brafe tool ; at times the ftrokes fhould be carried 
round and round, but not much over the tool: in fhort, 
they muft be directed iti fuch a way, and the whole 
grinding coiidu&ed in fuch a manner and with fuch 
equability,, that every part of both tools may wear 
equally. This habit of grinding, as well as the future 
one of poliftring, will be foon acquired. When you have 
wrought in this manner about a quarter of an hour with 
the bruifer upon the tool, it will be then neceflary to 
change them, and, placing the bruifer upon its bottom, 
to work the convex tool upon that in the fame manner. 
When by working in this equable manner, alternately 
with the bruifer and tool, and occafionally adding frefh 
emery, you have nearly got out all the veftiges of the 
turning tool, and brought them both nearly to a figure, 
it will be then time to give the fame form to the metal. 
This muft be done by now and then grinding it upon 
the brafs tool with the fame kind of emery, taking care 
however, by working the two former tools frequently 
together, to keep all three exa&ly in the fame curve. 

The 
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The beft kind of handle for the metal is made of lead, 
a little more than double its thicknefs, and fomewhat 
tefs ki diameter, of about three pounds weight, with a 
hole in the middle (for reafons to be fhewn hereafter) a 
little larger than that in the metal : this handle fhould be 
cemented on with pitch. The upper edge of this weight 
muft be funded off, that the fingers may not be hurt; 
and a groove, about the bignefs of the little finger, be 
turned round juft below it, for the more conveniently 
holding and taking the metal off the tools, 

if be manner of figuring the metal upon the hones* 

When the bruifer, brafs tool, and metal, are all 
brought to the fame figure, and have all a true good 
furfacej the next part of the procefs is to give a 
correfifc fpherical figure and a fine face to the metal, 
upon the hones. It will be neeefiary to premifej how- 
ever^ that the hones fhould be placed irl a veflel of water, 
with which they fhould be quite covered for at leaft an 
hour before they are ufed, otherwife they will be per- 
petually altering their figure when the metal comes fo 
be ground upon them. The fame precaution is alfo ne-> 
ceflary, if youare called off from the work while you are 

grinding 
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grinding the metal, for if they be fuffered to grow dry> 
the fame inconvenience will arife. 

In order to give a proper figure to the hones, and 
exactly fuitable to that of the brafs tool, bruifer, arid me- 
tal, when the hones are fixed down to the block, fome 
common flour emery (unwaihed) with a good deal of 
water muft be put upon them, and the bruifer being 
placed upon the hones and rubbed thereon with a few 
ftrokes and a light hand, the inequalities of the ftone will 
be quickly worn off; but as a great deal of mud will be 
fuddenly generated, it muft be wafhed off every quarter 
of a minute with a great deal of water. By a repetition 
of this, two or three times, the hones (being of a very foft 
and friable fubftance) will be cut down to the figure, 
without wearing or altering the bruifer at alL Though 
this bufinefs may be quickly done, and can be continued 
but for a few ftrokes at a time, I need not fay that it is 
neceffary that thofe ftrokes be carried in the fame direc- 
tion, and with the fame care, which was obferved in 
grinding the former tools together. 

As foon as the hones have received the general figure 
of the bruifer, and all the turning ftrokes are worn out 
from them, the emery muft be carefully wafhed off; in 
order to which, it will be necefrary to clear it from the 
joints with a brufh under a ftream of water. The bruifer 
2 and 
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and metal muft be like wife cleared in the fame manner, 
and with equal care, from any lurking particles of emery. 

The hones being fixed down to the block, you now 
begin to work the bruifer upon them with very cautious, 
regular, fliort ftrokes, forward and backward, to the 
right and left, turning the axis of the bruifer in the hand 
while you move round the hones, by fhifting your pofi- 
tion, and walking round the block. Indeed the whole 
now depends upon a knack in working, which fliould be 
conducted nearly in the following manner. Having 
placed the bruifer on the centre of the hones, Hide it in 
an equable manner forward and backward, with aftroke 
or two dire6tly acrofs the diameter, a little on one fide, 
and fo on the other ; then fhifting your pofition an eighth 
part round the block, and having turned the bruifer 
in your hand about as much, give it a ftroke or two 
round and round, but not far over the edges of the hones, 
and then repeat the crofs ftrokes as before: thofe round 
ftrokes (which ought not to be above two or three at 
inoft) are given every time you fhift your own pofition 
and that of the metals, previous to the crofs ones, in 
order to take out any ftripes either in the hones or 
bruifer, which may be fuppofed to be occafioned, by the 
ftraight crofs ftrokes. During the time of working, no 
mud muft be fuffered to colledt upon the hones, fo as to 

Vol, LXVII. S f deftroy 
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d&ftroy the perfect contact between the two tools ; and 
therefore they muft every now and then be wafhed clean 
by throwing fome water upon them. When by work- 
ing in this manner' all the emery ftrokes are ground off 
from the bruifer, and it has acquired a good figure and 
clean furface, you may then begin with the metal upon 
the hones, in the fame cautious manner, wafhing off the. 
mud as fafli as it collets, though tharwill bemuchlefs 
now than when the bruifer was ground upon them. 
Every now and then^ however j the bruifer muft be rub- 
bedi gently and lightly upon the hones, which will as it 
were, by lharpening them and preventing too great 
fmoothnefs, occafion them to cut the metal much f after. 

When, after having fame time cautioufly wrought in 
the manner before deferibed, the hbne^pavement has 
uniformly taken out all the emery feokes, and given a 
fine face and true figure to the metal, which will he 
pretty well known by the great equality there is in the 
feel while you are working, and by which an expe- 
rienced workman w0 form a pretty certain judgmeint ; 
having proceeded thus far, I fay, you may then try your 
metal, and judge of its figure by this more certain 
manner. 

Wafh the hone pavement quite clean.; ,then put the 
metal upon the center of it, and give two or three light 

ftrokes 
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ftrokes round and round only, ndt carrying, however, the 
edges of the metal much-over the hones; this will take out 
the order of ftraight ftrokes : then having again wafhed 
the hones, and placed the fpeciilum upon their center, 
with gentle preffure^ Aide it towards you till its edge be 
brought a little over that of the hones, then carry it 
quite acrofs the diameter as far the other fids, and having 
given the metal a light ftroke or twt> in this dire&ion* 
take it off the tool. The metal being wiped quite dry, 
place it upon a table at a little diftance from a window; 
ftand yourfelf as near the window, at fome diftance from 
the metal, and looking obliquely on its furface, turn it 
round its axis, and you will fee at every half turn the 
grain given by the laft crofs ftrokes flafh upon youreye 
at once over the whole face of the metal. This is as cer- 
tain a proof of a true fpherical figure as the operofe and 
difficult method defcribed in Dr. smithes Optics; for as 
there is nothing foft or elaftic, either in the metal or in the 
hones, this glare is a certain proof of a perfedt conta& 
in every part of the two furfaces; which there could not 
be if the fpheres were not both perfe& and precifely the 



Xndeedthere is one accidental circumftance which ne~ 
ceffatily affords its aid in this and every bufinefs of the 
iike ibrtj and that is, that a concave and convex furface 

S f % ground 
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ground together, though ever fo irregular at firft, wilt: 
(if the working be uniform and proper, confiitingj efpe- 
ciallv at laft, of crofs ftrokes in every poflible diredHoi* 
acrofs the diameter) be formed into poitions of true and 
equal fpheres ; had it not been for this lucky neceflity, it 
would have been impoffible to have produced that cor- 
re6tnefs which is eilential in the fpeculura.of a, good re— 
fle£ting telefcope by any mechanic contrivance what- 
ever. For when it is conftdered, that the errors in reflec- 
tion are four times as great as in refradtion, and that tha 
teaft defeat in figure is magnified by the powers of the? 
ihffcrument, any thing Ihort of perfe&ion in the figure, 
of the fpeculum would be evidently perceived by a want 
of diftin&nefs in the performance. 

Lmuft not, however^ quit this article without obferv* 
kig, that I all along fuppofe, both in forming^the tools 
and at laft figuring the metal (and indeed the fame mu£L 
be obferved in the future procefs of polifhing) that no 
kind of preffure is ufed that may endanger the bending 
or irregularly grinding them; they fhould therefore be 
held with a light hand, and loofely between the finger% 
and the motion given fliould be in a horizontal direction* 
with no more preffure tkn their own dead weight; 

Having now finished the metal on the hones, and ren- 
dered it both in point of figure and furface fit for the 

laft 
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laft and. moft effential procefs, viz. that of polifhing, I 
will defcribe it in the beft manner I can; though many 
little circumftances which will be unavoidably omitted 
(and which at the fame time are frequently effential to 
the fuccefs of a mechanic procefs) can only be fupplied 
by adtual experience.. 

The polifhing the fpeculum is the moft difficult and 
effential part of the whole procefs; for every expe- 
rienced workman knows, to his vexation,, that the moft 
trifling error here: will be fufficient to fpoil the figure of 
his metal, and render all his preceding caution ufelefs. I 
have, however, difcovered a method which I fhall explain, 
not only of giving, the metal a parabolic figure, but alfo of 
recovering it wheh it happens to be injured; both to be 
effected in the a£fc of polifhing, and the former as cer- 
tainly as the fpherical figure is given upon the hones* 
Indeed,if we confider rightly, polifhing will be perceived 
to be but a kind of grinding with a finer order of ftrokes, 
and with a powder infinitely finer than was before ufed 
in what is commonly called the grinding. But before I 
djefcribe this method, which was the refult of many 
years experience, I will take the liberty of making fome 
few ftri&ures on that of Meff. hadley and moly~ 
i*eux, which is followed by the generality of work- 
men. 
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Firft, then, the tool itfelf ufed by them for polifh- 
ing the metal, is formed with infinite difficulty. The 
firft defcribed polifher is dire&ed to be made by covering 
the tool with farcenet, which is to be faturated with a 
folution of pitch in fpirit of wine, by fucceffive applica- 
tions of it with a brufh, till it is covered, and by the eva- 
poration of the fpirit of wine filled with this extract of 
pitch; the furface is then to be worked down and finifhed 
with the bruifer. This is all very eafy in imagination; 
but whoever has ufed this method (which I haye myfelf 
unfuccefsfully feveral times) muft have found it attended 
with infinite labour, and at laft the bufinefs done in a 
very unfatisfadtory manner; for the pitch by this procefs 
will be deprived of an effential part of its compofition. 
The fpirit of wine diflblves none but the refinous parts 
of its fubftance, which is hard and untraceable ; and if 
you ufe foap or fpirit of wine to foften or diflblve it, it 
will equally afFedt the whole furface, the lower as well as 
higher parts of it. And fuppofe that with infinite labour 
with the bruifer, it is at laft reduced to a fine uniform 
furface, it is neverthelefs too hard ever to give a good 
polifh with that iuftre which is always feen in Mr, 
short's, and indeed all other good metals. Nor will it 
give a good fpherical figure ; for a perfect fphere is 
formed, as I obferved before, by that intimate accommo~ 

dation 
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datibn arifing from the wear and yielding of both tool 
and metal; whereas in this method, there is fuch a ftub- 
bornnefs in the polifher, that the figure of the metal, 
good or bad, muft depend -upon the truth of the former, 
which is very feldom perfe&. 

If the polifher be made in the fecond manlier propo- 
fed, by ftraining the pitch through an outer covering, 
Which is afterwards to be ftripped off, the fuperficies of 
pitch and farienet is fo very thin, that the putty, work- 
ing into them, forms a furface hard and untra£table, fo 
that it is impoffible to give the fpeculum a fine polifh. 
Accordingly all .thofe metals which are wrought that way 
have an order of fcratches inftead of polifh, difcovering 
itfelf by a grey ifh vifible furface. Befides, fuppofing this 
tool perfectly finifhed, and anfwering its jmrpofe ever fo 
well, it is iinpoffible it can produce in the fpeculum any 
other than a fpherical figure ; and indeed nothing elfe is 
expected from this method, as very evidently appears by 
the experiment recommended to afcertain the truth of 
the figure. You are dire6ted to place a fmall luminous 
objedt in the center of the fphere of which the metal is 
a fegment^ and then having adjufted an ey e-glafs at the 
cliftance of its own focal length from the object, and fo 
fituated that the image of the objedt formed by the fpe- 
culum „may be vifible to the eye, you are to judge of the 
3 perfect 
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perfe£t figure of the metal by the fharpnefs and diftin<5i- 
nefs with which the image appears. From hence it is 
very evident, that as the object and image are both diftant 
from the metal by exaitly its radius, nothing but a true 
fpherical figure of the fpeculum can produce a fharp 
drftincSl image ; and that the image could not be diftin6l 
if the figure of the fpeculum were parabolic. Confe- 
quently, if the fame fpeculum ufed in a telefcope were 
to receive parallel rays, there would neceflarily be a con- 
fiderable aberration produced, and a confequent imper- 
fe£tion in the image. Accordingly* there never was a 
good telefcope made in this manner; for if the number 
of degrees, or the portion of the fphefe of which the 
great metal is a. part, were as confiderable as it ought to 
be, or as great as Mr. short allowed in his metal, the 
inftrument would bear but a very low charge, unlefs a 
great part of the circumference of the metal were cut off 
by an aperture, and the ill effe<Sts of the aberration by 
that means in fome meafure prevented. 

If ever a finifhed metal turned out without this defeat, 
and has been found perfectly fharp and diftin<a, it muft 
have been owing to an accidental parabolic tendency, no 
ways the natural refultof the procefs, and therefore quite 
unexpe&ed, and moft probably unknown, to the work- 
man. 

Without 
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Without enlarging, therefore, on the difficulty of the 
above procefs, and the impotfibility of giving the fpecu* 
lum the correcftnefs and the kind of figure efTentially 
neceflary to a good tjelefcope, I will defcribe (by way of 
introduction to the 'Succeeding directions) the fteps by 
which I wasled to a certain and eafy method of giving a 
proper and correct parabolic figure to the metal, even 
though it came off imperfedt from the hones, and an ex* 
quifite polifli at the fame time. 

Having made many efforts in the former method, 
which by no-means pleafed me for the reafons above-men-*- 
tioned; and having obferved-, from fome of Mr. short's 
telefcopes which fell into my hands, that the high luftre of 
the polifli could never have been produced in the mannet 
above defcribed, but by fome fofter and more tender fiib* 
ftance; and at the fame time recollecting, that Sir Isaac 
newton had given an account in his Optics of his hav- 
ing finifhed fome metals, and considerably mended the 
objecSt glafs of a refractor, by working both upon a tool 
whofe furface had been covered with common pitch 
about the thicknefs of a groat; refining, -I lay, ttpon 
thefe matters (coarfe and uncertain as this method ap- 
peared at firft fight) I was determined to try whether I 
could not get rid of my embarrafTment, by a mode of 
operation fomewhat firnilar. Accordingly, fhortening 
Vol. LXVIL T t Dr. 
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Dr. smith's procefs, I made a fet of tools in the manner 
before defcribed, except that I was obliged to make fome 
fubfeqtient alteration in the polifher which I fhall pre- 
fently defcribe. Having given a good fpherical figure 
to the brafs tool and the bruifer, and likewife to the 
metal upon the hones, and made the brafs convex tool fo 
hot as juft not to hurt the finger, I tied a lump of com- 
mon pitch (which fhould be neither too hard nor too 
foft) in a rag, and holding it in a pair of tongs over a ftill 
fire vyhere there was no riling duft, till it was ready to 
ftrain through the linen, I caufed it to drop upon the 
fever al parts of the convex, tool, till I fuppofed it would 
cover the whole furface about double the thicknefs of a 
ihilling; then fpreading the pitch as equally as I could, I 
fufFered the polifher (by which name I lhall for the 
future call this tool) to grow quite cold. I then warmed 
the bruifer fo hot as almoft to burn my fingers, and hav- 
ing fixed it to the bench with its face upwards, I Sud- 
denly placed the polifher upon it, and quickly flid it off j 
by this means rendering the furface of the pitch more 
equal. The pitch is then to be wiped off from the bruifer 
with a little tow; and by touching the furface with a 
tallow candle, and wiping it a fecond time, it will be then 
perfectly clean and fit for a fecond procefs of the fame 
fort, which muft again be performed as quickly as poffible ; 

and 
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and this is ordinarily fuflicient to give a general figure to 
the furface of the pitch. The bruifer and poiifher are 
then fuffered to grow perfectly cold, when the pitch, 
confidering what has been taken off, will be about the 
thicknefs of a fhilling. 

It is however here neceffary to obferve, that the pitch 
fhould be neither very hard and refinous, nor too foft ; if 
the former, it will be fo untraceable as not to work 
kindly ; and if too foft, it will in working alter its figure 
fafter than the metal, and too readily fit itfelf to the ir- 
regularity of its figure, if it have any. When both tools 
were perfectly cold, I gave the poiifher a gentle warmth, 
and then fixed the bruifer to the block with its face up- 
wards; and (having with a large camel's-hair brufh 
fpread over the face of the poiifher a little water and foap, 
to prevent flicking) with fhort, ftraight, and round 
ftrokes I worked it upon the bruifer, every now and then 
adding a little more water and foap, till the pitch upon 
the poiifher had a fine furface, and the true form of the 
bruifer ; and this I continued to do till they both grew 
perfectly cold together : in this manner the poiifher was 
perfectly formed in about a quarter of an hour. But 
here a difficulty arofe : when I begun to polifh the metal, 
I found that the edge of the hole in the metal collected 
the pitch towards the middle of the poiifher ; and 

T t a though 
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though in this method of working I could give an ex~ 

quifite polifh, as the putty lodged itfelf in the pitch 

exceedingly well, yet the figure of the metal was injured 

in the middle, nor did indeed the work go on with that 

equability which is the infeparable attendant on a good 

figure. In order to obviate this difficulty, I caft fome 

metals with a continued face, the holes not going quite 

through, within perhaps the thicknefs of a fix-pence. 

I finiflied two or three metals of this fort, and the work 

promifed and went on very well; but whenl came to open 

the holes, which I did with the utmoft caution, I found 

the metals fliort of perfedtion; which I attributed to an 

alteration of the figure from the removal of even that fmall 

portion of metal after the fpeculum had been finifhed. 

This I do fuppofe was in fome meafure the reafon why I 

fpoiled a very diftin£t and perfeit two-foot metal, which 

bore a charge of two hundred times, only by opening 

the fliarp part of the edge of the hole, becaufe I thought 

it bounded the field: fo eflentiaily neceflary is an exqui- 

lite corredtnefs of figure in the fpeculum of a perfect 

reflector. 

This experiment not fucceeding, inftead of cafting the 
metal without a hole, I made .one quite through the 
middle of the polifher, a little lefs than that in the fpe- 
culum. This perfectly anfwered the purpofe; no more 

incon- 
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inconvenience arofe from the gathering of the pitch (for 
it had now no greater tendency to collect at the center 
than the fides) and I finifhed feveral metals fucceffively, 
excellent both in point of figure and polifh ; one of thofe 
of two inches diameter and 7,5 focal length, bore a charge 
of fixty times and upwards, which when mounted in a 
telefcope I gave to my brother/This telefcope underwent 

Mr. short's examination, who was pleafed to remark 

« 

only, that he thought he had made one more diftinit. 

I muft obferve, that in this method of working the 
poliftiing goes on in an agreeable, uniform, andfmooth 
manner; and that the fmall degree of yielding in the 
pitch (which is actually not; more than the wearing of 
the metal) produces that mutual accommodation of 
furfaces fo neceflary to a true figure. In the beginning 
of the polifh, and indeed for fome time during the pro- 
grefs of it (always remembering now and then to move 
the metal round its axis) I worked round and round, not 
far from and always equally diftant from the center, ex- 
cept that every time, previous to the fhifting the metal 
on its axis, I ufed a crofs ftroke or two; and when the 
polifh was nearly compleated, I moftly ufed crofs ftrokes, 
giving a round ftroke or two likewife every time I turned 
th.e metal on its axis* I obferved in this method of work- 
ing, that the metal always polifhed fafteft in the middle ; 

infomuch, 
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Infcimich, that half or two-thirds of it would be com- 
pletely poliflicd when the circumference of it was fcarcely 
touched by the tool. Observing this in fome of the firft 
metals , and not considering that this way of pblifhing 
was in fa£t a fpecies of grinding, and as perfedt as that 
upon the hones, I went on reludtantly with the work, 
almoft defpairing of being able to produce a good 
figure. However, I always found myfelf agreeably 
deceived ; for when the polifli was extended to the 
edge, or within the tenth of an inch of it, I almoft 
conftantly found the figure good, and the performance 
of the metal very diftindt. But this fame circumftaiice of 
apparent defeat in the metals, was iri fa<5t that to which 
their perfe&ipn was owing; for they all, contrary to my 
expectation, turned out parabolic. However I did not 
for a great while know any certain way of giving that 
degree of parabolic tendency which was juft neceffary, 
and which will be defcribed hereafter. It was a Ions; 
time before I got rid of my prejudice againft this appa- 
rent imperfedtion in the procefs, or could reconcile my- 
felf to the irregular manner in which the polifli pro- 
ceeded ; for I looked upon it as a certain fource of error, 
and notwithftanding I faw it eventually fucceed, yet 
whenever I chanced to find that a metal, when firft ap- 
plied to the polifher, took the polifli equally all over, 

and 
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and confequently the whole bufinefs did not take up 
above tea miaute^; imder thofe circumftances, I fay, I 
always ufed to pleafe myfelf with the expectation of a 
correct figure, at lead as much fo as the metal had re- 
ceived from the hones, where the furface was but juft 
and equally taken off by the putty; but in this I con- 
ffcantly found myfelf deceived, and the metal turned out 
good for nothing. In fhort, at this time, though I fpe- 
culatively knew that a parabolic figure was neceflary to 
a perfe<£t image, I yet coafidered it as of Httle practical 
lence. 

From the foregoing experiments, and a number of 
fucceeding trials, I at length difcovered a certain way of 
giving a correct parabolic figure* and an exquifite polilh 
at the fame time* This, which I have ftrong reafons to 
believe was Mr. short's method* I will now defcribe in 
as few words as I can. 




How to polj/b the Speculum* 

It is firft neceflary to obferve, that, in order to avoid 
the detrimental intrufions of any particles of emery, it 
would not be right to polilh in the fame room where the 
metal and tools were ground, nor in the fame cloaths 
which were worn in the former procefs ; at leaft it would 

l be 
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be neceffary to keep the bench quite wet, to prevent any 
duft from riling. 

Having then made the polilher hy costing the brafs 
convex tool equally with pitch, which we fuppdfe 
fmoothed and finished with the brafs tool in the manner 
before defcribed, and which is -a very eafy procefs, the 
w r hole operation is begun and finilhed in the following 
manner. 

The leaden weight or handle upon -the back of the 
metal Ihouid be divided into eight parts, by fomany deep 
ftrokes of a graver upon the upper furface of the lead, 
marking .each ftroke with the numbers i, 2, 3, 4, and fo 
on, that the turns of the metal in the hand may T>e 
known to be uniform and regular. 

To prevent any mifchief from coarfe particles of 
putty,Ial ways walh it immediately before ufing. In order 
to this, put about half an ounce of putty into an ounce 
phial, and fill it two-thirds with water; then having 
lhaken the whole, let the jrntty fubfid^, and flop the 
bottle with a cork. 

In a tea^cup with a little water, there fhould be a full- 
fized camel's-hair brulli,.and a piece of dry clean foap in 
a galley- pot : a foft piece of fpunge will alfo be neceflary. 
Thefe, as well as the metal bruifer and polilher, Ihquld 
he conftantly covered from .duft. 

The 
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The poMier being fixed down, and the camel Vhair 
brufh, being firft wetted and rubbed a little over the foap, 
let every part of the tool be brufhed over therewith ; 
then work the braifer with fhort, ftraight, and round 
ftrokes, lightly upon the tool, and continue to do fo, 
now and then turning it, till the polifher have a good face, 
and -be fit for the metal. Then having fhakenupthe putty- 
in the phial, and touched the polifher in five or fix places 
with the cork wetted with that and the water, place the 
braifer upon the tool, and give a few ftrokes upon the 
putty to rub down any gritty particles; after which, 
having removed it, ^ork the metal lightly upon the po- 
lifher round and rounds carrying the edges of the fpectt* 
lum, however, not quite half an inch over the edge of 
the tool, and now and then with a-crofs ftroke. 

The firft putty, and indeed all the fucceeding appli- 
cations of it, fhould be wrought with a confiderable 
while; for if time be not given for the putty to bed it- 
felf in the pitch, and any quantity of it lie loofe upon the 
poliOier, it will accumulate into knobs, which will in- 
jure the figure of the metal : and therefore as often as ever 
fuch knobs arife, they muft be carefully fcraped off with 
the point of a penknife, and the loofe fluff taken away 
with the brufh. After the putty is well wrought into the 
pitch, fome more may he added in the fame-manner, but 

Vo l, LXVIL U u mever 
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never much at a time* and always remembering to work 
upon it firft with the bruifer, for fear any gritty particles 
may find their way upon the polifher. If the bruifer be 
apt to ftick, and do not Aide fmoothly upon the pitch, the 
furface of either tool may be occafionally brufhed over 
wjith the fbap and water, but it muft be remembered that 
the wet brufh muft be but lightly rubbed upon the foap. 
In the beginning of this procefs little effe<& is pro- 
duced, and the metal does not feera to polifh faft, in fome 
meafure owing to its taking the polifh in the middle, and 
perhaps becaufe neither that nor the bruifer move evenly 
upon the polifher : but a little perfeverance will bring the 
whole into a good temper of working; and, when the 
pitch is well defended by the coating of the putty, the 
procefs will advance apace, and the former acquiring pof- 
fibly fome little warmth, the metal moves more agreea* 
bly over it, with an uniform and regular fridtion.. All this 
while the metal muft have no more preflure than that 
which it derives from its own weight and that of the 
handle; and the polifher muft never be fuffered to grow 
dry, but, as often as it has any tendency to do fo, the edges 
of it muft be moiftened with the hair-pencil ; and now 
and then, even when frefh putty is not laid on, the fur- 
face of the polifher fhould be touched with the brufh to 
keep it moift. 

4 When 
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When the polifh of the metal nearly reaches the 
edge (for it always, as I faid before, begins in the mid- 
dle) you in ufi: alter your method of working; for now 
the round ftrokes muft be gradually altered for the 
fhort and ftraight ones. Suppofing then you are juft 
beginning to alter them ; after having put on frefli putty, 
and gently rubbed it with two or three ftrokes of the 
bruifer, you place the metal on the tool, and after a ftroke 
or two round and round, give it a few forward and back-* 
ward* and from fide to fide, but with the edges very little 
over the tool; then having twned the mewl one-eighth 
round in your hand, and having moved yourfelf a$ much 
round the block (which muft be remembered throughout 
the whole procefs) you go on again with a ftroke or two 
round, to lead y<m only to the crpfs ftrokes, which are 
now to be principally ufed, and with more boldnefs* 
After this has been done fome time, the metal will begin 
to move ftiffly as the fri&ion now increafes, and the fpe- 
culum polifhes very beautifully and faft; and the whole 
iurface of the polifhing tool will be equally covered over 
with a fine metallic bronze. The tool even now muft 
not be fuffered to become dry* a fingle round ftroke in 
*each of your ftations and turnings of the metal will 
be fufficient, and the reft muft all be crofs ones, for we 
are completing a circular figure. You muft now be very 

U u % diligent, 
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diligent, for the polifher drying* and the fri&iofr in- 
ereaiing very fail, the bufinefs of the fpherieal figure is 
nearly at an end. As the metal wears muchj its furface 
muft be now and then cleaned, with a piece of fhammy 
leather, from the black fluff which collects upon it; and 
the polifher likewife from the fame matter, with a foft 
piece of wet fponge. You will now be abte to judge of 
the~perfe6t fpherieal figure of the metal and tool, when 
there is a perfect correspondence between the furfaces* 
by the fine equable feel there is in working, which is 
totally free from all jerks and inequalities. Having pro- 
ceeded thus far, you may put the laft finiifhing to this 
figure of the metal by bold crofs ftrokes, only three^ or 
four in the dke&ions of each of the eight diameters* 
turning the metal at the fame time: this muft be done 
quickly, for it ought, in this part of the procefs particu- 
larly, to be remembered, that, if you permit the tool to 
grow quite dry, you will never- be able, with all your 
force, to feparate that and the metal, without deftroying 
the polifher by heat. 

The metal has now- a beautiful polifh and a true 
fpherieal figure, but will by no means make a fharp dif* 
tin<St image in the telefcope: for the fpeculum (if it be 
tried in the manner hereafter recommended) will not be 
found to make parallel rays converge without great 

aberration ; 
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aberration ; indeed the deviation will be fo great, as to be 
very fenfibly perceived by a great indiftinfltnefs in the 
image. 



How to gfo£ the parabolic \figure to the metal. 

In order then to give the ipeculum the l&ft and finifh~ 
ing figure, which is done by a few ftrokes, it mu£t be 
particularly remarked, that by working the metal round 
and round, the fphere of the poliflier by this means 
growing lefs, it wears fafteft in the middle : and as a 
fegment of a fphere may become parabolic, by open- 
ing the extremes gradually from within outwards, ib 
it may be equally well done by increafing the curva* 
ture in the middle, in a certain ratio, from without in- 
wards. 

Suppofing then the metal to be now truly fpherkal* 
ftop the hole in the polifher, by forcing a cork into it 
underneath, about an inch, fo that it do not reach quite 
to the furface; and. having wafhed off any mud that may 
be on the furface of the tool with a wet foft piece of 
fponge, whilft the furface of it is a little moift, place the 
center of the metal upon the middle of the polifher \ 
then having, with the wet bmfti, lodged as much water 
round the edge of the metal as the projecting edge will 

hold, 
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hold, fill the hole of the metal and its handle with watery 
to prevent the evaporation of the inoifture, and the coiv- 
fequent adhefion between the ipeculum and poliftxei;, and 
let the whole reft in this ftate two or three hours: this 
will produce an intimate contact between the two, and 
by parting, with any degree of warmth they may have 
acquired by the vicinity of the operator, they will grow 
perfectly cold together. 

By this time you may pufh out the cork from the po- 
lifher* to difcharge the water, and give the metal the pa* 
rabolic figure in the following manner. 

Move the metal gently and flowly at firft^ a very little 
round the eentre of the poliiher (indeed after this reft it 
will move ftiffly) then increasing by degrees the dia- 
meter of thefe ftrokes, and turning the metal frequently 
round its axis, give it a larger circular motion, and 
this without any preffure but its own weight, and 
holding it loofely between the fingers: this manner 
of working may fafely be continued about two mi- 
nutes, moving yourfelf as ufual round the block, 
and carrying the round ftrokes in their increafed 
and largeft ftate, not more than will move the edge 
of the metal half an inch or five-eighths over the tooL 
The fpeculum muft not all this while be taken off from 

the poliiher; and confequently no frefh putty can be 

added. 
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added. It willnot be fafe to continue this motion longer 
than the time above-mentioned; for if the parabolic ten- 
dency be carried the leaft too far, it will be impoflible to 
recover a true figure of that kind but by going through the 
whole procefs for the fpherical one in the manner before 
dSfcribed, by the crofs ftrokes upon the polifher, which 
takes a great deal of time. However,, when there is occa- 
ilon, it may be done; aftd I have myfelf feveral tifries. 
recovered the circular figure, when I had inadvertently 
gone too far with the parabolic ; and ultimately finifhed 
the metaJ on the polifher without the ufe of the hones . 



$0 try the trite figure of thk metal. 

It will now be proper to try the figure of the fpecu- 
Mm, and that is always heft done by placing it in the 
telefcope it is intended for. In order to this, I ufe the in*~ 
ftrumfent as a kind of microfcope, placing the object, 
however, at fuch a diftance that the rays- may be nearly 
parallel. At about twenty yards- a watch-paper j or fome 
fuch object, on which there are fome very fine hair 
ftrokes of a graver, is fixed up. The lead muft be then, 
taken off from the back of the fpeculurri ; which is beft 
done by placing the edge of a knife at the jyn&ion of 
the lead and metal, when, by ftriking the back of it with a 

ilight 
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flight blow, the pitch immediately feparates, and the 
handle drops off; the remaining pitch may be fcraped 
off with a knife, taking care that none of the duft flick 
to the poliflied face of the metaL 

Having placed the fpeculum in the cell of the tube, 
and directed the inftrnment to the object, make an annu- 
lar kind of diaphragm with card-paper^ fo as to cover a 
circular portion of the .middle part of the metal between 
the hole and the circumference, equal in breadth to about 
an eighth part of the diameter of the fpeculum r this 
paper ring fhould be fixed in the .mouth of the telefcope, 
and remain fo during the whole experiment, for the part 
of the metal covered by it is fuppofed to be perfect, and 
therefore unemployed. 

There muft likewife be two other circular pieces of 
card-paper cut out, of fuch fizes, that one may cover the 
center of the metal by completely filling the hole in the 
laft defcribed annular piece ; and the other, fuch a round 
piece as fliall exactly fit into the tube, and fo broad as 
that the inner edge may juft touch the outward circum- 
ference of the middle annular piece. It would be con- 
venient to have thefe two laft pieces fo fixed to an axis 
that they may be put in their places, or removed 
from thence fo eafily as not to difplace or ihake the 
3 inftrument, 
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inftrument. All thefe pieces therefore together will 
completely fhut up the mouth of the telefcope. 

Let the round piece which covers the center of the 
metal, or that which has no hole in it, be removed; and r 
by a nice adjuftment of the fcrew, let the image (which 
is now formed by the center of the mirror) be made 
as (harp and diflin6t as poflible. This being done, 
every thing elfe remaining at reft, replace the central 
piece, and remove the outfide annular one, by which 
means the circumference only of the fpeculum will be 
expofed, and the image now formed will be from the 
rays reflected from the outfide of the metal. If there be 
no occafion to move the fcrew and little metal, and the 
two images formed by thefe two portions of the metal 
be perfectly lharp and equally diftin£t, the fpeculum is 
perfect, and of the true parabolic curve; or at leaft the 
errors of the great and little fpeculum, if there be any, 
are corrected by each other. 

If, on the contrary, under the laft circumftance, the 
image from the outfide of the metal Ihould not be dif* 
tin£t, and it Ihould become neceffary, in order to make it 
fo, that the little fpeculum be brought nearer, it is plain 
that the metal is not yet brought to the parabolic figure; 
but if, on the other hand, in order to procure diftin&nefs, 
you be obliged to move the little fpeculum farther off, then 
the figure of the great fpeculum has been carried beyond 
Vol. LX VII. X x the 
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the parabolic, and hath affumed an hyperbolic form. 
When the latter is the cafe, the circular figure of the 
metal rmift be recovered (after having fixed on the han- 
dle with foft pitch) by bold crofs ftrokes upon the po- 
Efher, finiftiing it again in the manner above defcribed. 
If the fpeculum be not yet brought to the parabolic form, 
it muft caiitioufly have a few more round ftrokes upon 
the polifher j indeed a very few of them in the manner be- 
fore defcribed make in effect a greater difference in the 
fpeculum than would be at firft imagined. If a metal of 
a true fpherical figure were to be tried in the above men- 
tioned manner in the telefcope (which 1 have frequently 
done) the difference of the foci, of the two fegments of 
the metal would be fo confiderable, as to require two or 
three turns of the fcrew to adjuft them; fo very great is 
the aberratioivof a fphericaL figure of the fpeculum, and fo 
improper to procure that fharpnefs and precilion So ne-~ 
ceffary to a good reflecting telefcope. 

This is by no means the cafe with the object glaffes of 
refradtors; for befides that they are in fait never fo dif- 
tin<5t as well-finiflied refleilors, the apertures of them 
are fo exceedingly fmall, compared to the latter, and the 
number of degrees employed fo very fmall, that the in- 
convenience of a fpherical figure is not fo much per- 
ceived Accordingly we obferve in the generality of 
3 refle&ors 
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refle&ors (whofe fpeeula, unlefs by accident^ are always 
fpherical) ihat the only true rays which form the dif- 
tin6t image arife from the middle of the metal : and un-> 
lefs the defeat be remedied by a confiderable aperture, 
which deftroys much light, the falfe refle&ion from the 
infide of the metal produces a greyifh kind of hazinefs, 
which is never feen in Mr. short's or indeed in any 
good telefcopes. 

Suppofing that the two foci of the different parts of the 
metal perfectly coincide, and that, by the union of them 
when the apertures are removed, the telefcope fhews 
the objects very fharp and diftin<5t, you are not however 

even then to conclude that the inftrument is not capable of 

* 

farther improvement; for you will perceive a fenfible 
difference -in the fharpnefs of the image, under different 
pofitions of the great fpeculum with refpe£t to the little 
one, by turning round the great metal in its cell ; and 
oppoling different parts of it to different parts of the little 
metal, corre&ing by this means the error of one by the 
other. This attempt fhould be perfevered in for fome 
time, turning round the great fpeculum about one-fix- 
teenth at a time, and carefully obferving the moft diftindt 
fituation each time the eye-piece is fcrewed on : when, 
by trying and turning the great metal all round, the 
diftin&eft pofition is difcovered, the upper part of the 

X x a metal 
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metal fhould be marked with a black ftroke, in order 
that it may always be lodged in the cell in the fame posi- 
tion. This is the method Mr* short always ufed; and the 
caution is of fo much confequence, that he thought it 
neceffary to mention it very particularly in his printed 
clire6tions for the ufe of the inftrument. 

And farther, Mr. short frequently corrected the 
errors of the great by the little metal in another way. If 
the great fpeculum did not anfwer quite well in the tele*- 
fcope, he cured that defect fometimes by trying the effeft 
of feveral metals fucceffively, by this means correAing 
the errors of one by the other; for in feveral of his tele- 
fcopes which have paffed through my hands, when 
the fizes and powers have been the fame, I have found 
that the great metals, though very diftinft in their pro- 
per telefcopes, yet have, when taken out and changed 
from one to the other, fpoiled both telefcopes, render- 
ing them exceedingly indiftinit, which could arife from 
no other circumftance. For this reafon I fuppofe it 
was, that he kept, ready finifhed, a great many large 
metals of the fame focal lengthy fo that, when he wanted 
to mount a telefcope, he might from a great choice, 
be able to combine thofe metals which fuited each 
other beft. I am ftrongly inclined to believe this was the 
cafe, not only from the above obfervation, but becaufe 

he 
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%e fhfcwed me himfelf a box of finiflied metals, in which. 
I am fure there were a dozen and a half of the fame focal 
length. 

To return : a little ufe in working will make the whole 
of the procefs of grinding and polifhing very eafy and 
certain ; for though I have endeavoured to be as particu- 
lar as -I can (I am almoft afraid too much fo) it is yet 
fearcely poifible to fnpply a want of dexterity, arifing 
from habit only, by the moft laboured and minute de- 
scription. And though the above account may appear 
irkfome to the reader, as it lies cold before the eye, I am 
very fure, whoever attempts to make the inftrument, 
will not complain of it as tedioufly particular. 

I will, however, farther remark, that when the metal 
begins to move ftiffly upon the polifher, and particularly 
when the figure is almoft brought to the parabolic form, 
it will be neceffary to fix the elbows againft the fides, in 
order to give momentum and equability to the motion 
of the hand by that of the whole body. 

The fame polifher will ferve for feveral metals, if it 
be fomewhat warmed when you begin to ufe it. 

There is another circumftance, and a material one, 
too, which muft not be omitted; it is this. For the very 
fame reafon that the pitch ihould not be too hard or foft, 
the work will not proceed well in the heat of fummer, 

or 
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or the cold of winter: in the latter, it may be poffible to 
remedy the defect by having the room warmed with a 
ftove; and in the fummer, the other inconvenience may 
perhaps be avoided by ufing a harder kind of pitch ; but I 
much doubt in either cafe whether the work will go on 
fo kindly : I have myfelf always wrought in fpring and 
autumn. 

The procefa of polifliing, and indeed grinding upon 
the hones, will not go on fo well if it be not continued 
^uninterruptedly from beginning to end; for if the work 
4>f either kind be left but for a quarter of an hour, and 
y<rti then return to it again, it will be fome time before 
the tool and metal can get into a kindly way of working; 
and till they do, you are hurting what was done before. 
I have all along fuppofed that the metal we have been 
woridrlg was about four inches diameter: if it be either 
larger or ftnallef , the fizes of the hones, bruifer, and po- 
liftittV muft be proportionally different. I never find any 
ill confequence arifing from the different expanfion from 
heat and cold in any of the tools, though they be made of 
different metals and fubftances, unlefs the inconvenience, 
occafioncd by the interruption before hinted at, bethought 
to refult from thence ; for the alteration produced in the 
fiirface of the fpeculum, both by grinding and polifhing, 
is €o much quicker than any that can be fuppofed to arife 

from 
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from the former caufe, that it is never attended with any 
practical eonfequence. 

Magnifying very minute objects, and particularly read- 
ing at a diftance, have tyeen generally confidered as the 
fureft tefts of the gpodnefs of a telefcope; and indeed 
when the page is placed at a great diftance,fo that the let* 
ters fubtend but a.very fmall angle at the eye, if then they 
appear with great predfion and fharpnefs, it is moft pro- 
bable that the inftrument is a good one. But we are, ne~ 
verthelefs, fometimes apt to be deceived by this method ; 
nor is it always poflible to determine upon the different 
metric of two inftruments of equal power, by this mode 
of examination; for when the letters are removed to the 
utmoft extent of the powers of the two inftruments, the 
eye is apt to be prejudiced by the imagination. If two or 
three words can be here and there made out, all the reft 
are guefled at by the fenfe; infomuch that an obferver, 
zealous for the honour of his inftrument^ is very apt to 
deceive himfelf in fpite of his intentions. The furer teft is 
by figures, where you can procure no aid from this fort 
of deception* In order to examine my refle<fting tele- 
fcopes, I made upon a piece of copper and on a black 
ground, fix lines confifting of about twelve pieces of gold 
figures, and each line of figures differing in magnitude, 

from the fmalleft that could be diftinaiy made to thofe 

off 
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of about two-tenths of an inch long; moreover, the 
figures in the feveral lines were differently difpofed, and 
the fbm of each line alfo differed. It is evident that by this 
method all guefs is precluded ; and that of two inftruments, 
of the fame powers, that which can make out the leaft 
order of figures, which will be known by the fum, is the 
beft telefcope. Such a plate I caufed to be fixed up for 
experiments againft the top of a fteeple, about three hun- 
dred yards North, of my houfe; and it will ferve to give 
fome idea of the diftin&nefs with which very fmall figures 
could be made out at that diftance, by faying, that in a 
clear ftate of the air, and with the Sun behind me, with 
a telefcope of eighteen inches focal length, which Count 
bjrijhl did me the honour to accept and now has in his 
poffefiion, I have teen the legs of a fmall fly, and the 
ftiadows of them, with great precifioq. and exadhiefs* 

I cannot conclude without indulging myfelf in an ob- 
servation on the amazing fagacity of Sir isaac new ton 
in every fubjeft upon which he thought fit to employ 
his attention. It was he who fir ft propofed, and indeed 
pra&ifed, the polifhing with pitch; a fubftance which at 
firft fight perhaps every one but himfelf would have 
thought very improper, from its foftnefs, to produce that 
corre&nefs of figure fo neceflary upon thefe occafioris ; 
and yet I do believe, that it is the only fubftance in nature 
% that 
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that is perfe&ly Well calculated fbr the purpofe ; for at 
t^e fame time that k is foft enough to fuflfer the putty to 
lodge very freely on its furface, and for that reafoii to 
give a moft tender and delicate polifh ; it is likewife 
totally inelaftic, and therefore never, front that princi- 
ple, fufFers any alteration in the figure you give it. If 
the firft makers of the inftrumerit, therefore, had given 
proper credit to, or had fimply followed the hint Sir 
isaac gave* it would have faved them infinite trouble, 
and they would have produced much better inftrumerits ; 
hut the pretended refinement, of drawing a tin<5ture, 
from pkch with fpirits of wide, aflfords you only the re- 
finous, hard, and untra&able part of the pitch, divefted 
of all that part of its original fubftance which is neceflary 
to give it that accommodating pliability in which its 
excellence confifts. 

It is needlefe to fwell this account with a detail of the 
procefs for polifhing the little fpeculum, as it muft be 
conducted in the fame manner which has been already 
deferibed in that of the large c^e; only obferving, that 
as the little metal has an tiniiitermpted face, without a 
hole, fo there is no occafion for tifie in the polifher; and 
likewife that, as a fpherical figtire is all that need here be 
pra&ically attempted, fo the difficulty in finishing is infi- 
nitely fhort of that of the other* 

Vol. LXVIL Y y As 
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As it is always neceffary to folder to the back of the 
little fpeculum a piece of brafs, as a fixture for the ferew 
to adjijft its axis, I lhall juft hint a fafe and neat method 
of tioing it, which may be very ufeful to the optical or 
mathematical inftrument-maker upon other occaftons* 
Haying cleaned the parts to be foldered very well, cut out 
a piece. of tin-foil the exa&fize of them; then dip a fea- 
ther into a pretty ftrong folutiori .off fal ammoniac in wa- 
ter, and rub it over the furfaces to be foldered; after 
which place the tin-foil between them as fait as you can 
(for the air will quickly corrode their furfaces fo as- to 
prevent the folder taking) and give the whole a gradual 
and fufficient heat to melt the tin* If the joints to be 
foldered have been made very flat, they will not be. 
thicker than a hair; though the furfaces be ever fo ex~ 
tenfi ve> the foldering may be conducted in. the fame man- 
ner, only that care muft be taken, by general preffure* to 
keep them clofe together. In this manner, , for inftance* 
a filver graduated plate may be foldered on. to the brafs 
limb of a quadrant, fo as not to be difcernable by any 
thing but the different colour of the metals. This me- 
thod was communicated to me by the late Mr. jack son, 
who during his life kept it a fecret, as he ufed it in the 
conftru6tion of his quadrants, and is, I believe, not as yet 
known to any workman » 

In 
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In the annexed plate are figured the fhape of the 
leaden tool for rough-grinding; the hones; and the ap- 
paratus to be applied to the mouth of the telefcope, te 
afcertain the true figure of the ipeculum. 



POSTSCRIPT- 

It was fome time after I had written the above account 
that I fawMr. short's method of polifhing objeit glafles 
for refradting telefcopes, which is publifhed in the Tran^ 
factions. By that paper I find that what I before 
ftrongly fufpe<5ted is really the cafe, viz. that he knew 
how well pitch was calculated for purpofeS of this kind. 
Only it may be remarked, that as glafs is much harder, 
polishes much flower, and confequently does not wear 
away and alter its figure fo foon as the metal of which 
the fpeculum is made ; and as at the fame time (on ac- 
count of the very fmall apertures allowed to telefcopes 
of this fort) nothing more than a fpherical figure is pro- 
pofed ; he is therefore obliged to ufe pitch in a hard, 
friable, and ftubborn ftate: whereas, considering the de- 
licate fubftance of the metal fpeculum, and the figure 
intended to be given to it, the foft pitch of the common 
fort, by fuffering the putty to bed itfelf in its fubftance, 

Y y % produces 
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produces the moft beautiful poliih ; and by its pliability 
is better calculated for that mutual accommodation be- 
tween poUfher and metal, fo neceffary to the figure pro- 
pofed. 



EXPLANATION OF THE FIGURES, 

Fig. x. The grinder for working off the rough face of 

the metal; the black ftrokes reprefent deep grooves* 

made with a. graver. 
Fig. a, The bed of hones, which is to complete the 

Spherical figure of the fpeculum, and to render its 

furface fit for the polilher. 
Fig. 3. An apparatus for examining the parabolic figure 

of the Speculum. 
a a The mouth of the telefcope, or edge of the great; 

tube. 

bb A thin piece of wood faftened into* and fiufh with the 
end of the tubej to which is permanently fixed the 
annular piece of pafte-hoard cc, intended to cover, 
and to prevent the a&ion of the correiponding part 

of fixe ipeculum^ 

7 d. Auo-** 
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D Another piece of pafte-board, fixed by a pin to the 
piece of wood bb, on which it turns as on a center; ft* 
that the great annular opening hh may be fhut up by 
the ring ff, or the aperture gg by the imperforate 
piece e in fuch manner that, in the firft inftance, the 
reflexion may be from the center, and in the latter 
from the circumference, of the great fpeculum. 




